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DEVELOFMENT, CALCULATION, AND PIANNING
OF HELICAL NEUTRON CHOPFPER

~Rumaniga~

[Fellowing is the translation of an article by George Ionescu
in b 11y

ian People's Republie, Institute ofA'bomic Physies, Studies
and Research in Physies), 10, (1960).]

1. IRTRODUCTION

The first device used for the selection of neutrons was the neutron
chopper built in 1947 by E. Fermi, J. Marshall, and L, Marshall [1], follow-
ing an idea of Pegram and Fink [2§ (fige 1)«
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Fige 1. Vertical section thrrough chopper built by E, Fermi, J,
Marshall, and L. Marsball (1" = 25.4 mm), [aluminiu = aluminum;
otel = steel; cadmiu = cadmium, ]



A new type of selector, nearer in concept to the helical selector,
was the selector of W. Selove [3], built in 1952 (fig. 2)., It was essen=-
tially a greatly elongated chopper set with its axis parallel to the di-
rection of the neutron beam (the axis of the chopper is perpendicular to the
beam). The functioning of this selector is wholly analogous to the funct-
ioning of the Fermi chopper, it having a passage characteristic of the "low-
pass filter" type and permitting the passage only of pulses which contain
neutrons of & speed higher than a certain lower limit speed called chopping
speed and given by the relation e

9.

in which @ is the angular velocity of; the rotor, and L and @ are two quan-

tities shown in figure 2.
Both the chopper and the Selove gelector use the transit time method

and electronic time analyzers.

Pigs 2. The Selector of W. Selove.

In 1953 J. G. Dash and H, S. Sommers [4] conceived the idea of sett-
ing Selove's rotor at an angle to the beam, as shown in figure 3a; this ar-
rengement is equivalent to designing a rotor with obligue channels (fig.
3b) (in fig. 3a the axis of the cylinder and the direction of the beam are
parallel to the plane of the dra Ye

Five years later, N. Holt [5] designed a combined selector made up of
a crystal monochromator and a helical selector (fig. 4). This device was
also used, by the way, by Dash and Sommers [4] to measure the transmission
function of the selector designed by them, by reference to the known char-
acteristisof the erystal. Such was the evolutional process which led to
designing of the helical selector, which functions without an electric ana-
lyzer and no longer employs the transit time method as does the Fermi
chopper. One may nevertheless speak of "itransit time" within the selector
itself, as we shall see presently.

Although the idea of using several disks opague to neutrons, with
holes (transparent to neutrons) phase~shifted in space (fige 5) to select



of the disks, had been known for a long

neutrons by synchronous rotation
wntil 1958 [6],

time, the designing of such selectors was not reported

Fig. 3. Equivalence of rotor with straight chamnels set at an
angle (a) and rotor with obligue chammels set in the direct-

ion of the neutron beam (b).
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It would appear that this device, in which the disposition of the
holes in space deseribes a helix, should lead directly to the helical
neutron selector, However, the transition to the helical selector came
about otherwise: directly from the Fermi chopper, as we have already seen.

The selector functions as follows:

The exis of the cylinder with straight chammels being set at a cer-
tain angle to the direction of the neutron beem (fig. 3a), the device acts
as a neutron monochromator. It ean be seen in figure 6 how the neutrons



with speeds which are "too high" collide with the wall 1 of the channel and

are absorbed, while the neutrons with speeds which are "too low" collide

with wall 13_, the rotating cylinder thus acting as a neutron monochromator
o

[See Note
([Note]) The term“hnonocromatizator® ["monochromatizer®], from "a

monoeromatiza® ["to monochromatize® ], is also used.

: g0 7% ot RS
Fige 5. Neutron monochromatization device made up of synchronously
rotating disks with holes phase shifted through angle @q.

Fig. 6, Sketches for caleulation of resolving power. [Traectorie
neutronilor celor mai rapizi = Path of fastest neutrons; Tra-

ectoria neutronilor mai len}i = Path of slowest neutrons].

The condition which must be fulfilled so that the neutrons may pass
through the selector is that the points of the chamnel coinecide in success-—



ion and wniformly in time with the path of the neutrons, which is a
straight line, The form of the chammel is then identical with the path eof
the neutrons in a mobile system of axes rigidly comnecied %5 the rotating
eylinder, the transformation being given:

Z' =, »
- X'=wcos § —ysiny=
(2) == 7 €089, ’
: Y'= zs8ing 4+ v cosy =
== 7 8inY,

in vhich 029 = ol

It is to be seen from this that the path equation in the mobile sys-
tem is a helix, This helix can be approximated by a line which forms an
angle & with the generatrix of the eylinder (with the corresponding error).

« 58 2. REPRESENTATION OF EXISTING HELICAL SELECTORS

The first eylindrical selector (that of Selove, 1952) had six chamn-
els. A year later, Dash and Sommers designed a selector with 120 channels.
N. Holt's selector [5], built in 1957, had only 80 channels.

The structure of the selectors has developed also: while the chann-
els of the Selove selector were incrusted in the body of the eylinder, the
Dash and Sommers selector employed holes formed by the radial disposition of
fins, the holes being of 0.03 cm on the circumference of the eylinder in
the Selove selector, and 4 inch x 0,045 inch in that of Dash and Sommers
(one inch = 25,4 mmi. In the Holt selector the holes are made up directly
by the space between two successive cadmium-plated fins. To permit evaluat-
ion of the size of the hole with relation to the thickness of the material
betwe?:go ?ales, Holt gives the fin thickness (1/16 inch) and the number of
fins °

To simplify the presentation, we give a concise tabulation of the
characteristics of all these selectors.



same as with Dash-

Sommers

Type Selove [3 ], Dash and Holt [51,
1952 Sommers [4], 1957
sharag tig 1953
Number of channe 6 120 80
Dimensions 0403 cm on eircum~ |l inch x 0,045 2 inches x
ference of rotor inch (25,4 mm 0.5 inch (50
x 1,14 mm) mn x 12,7 mm)
| Transmission coef- 1072 60% 80%
{ £icient
Rotor opacity - 7 x 107 10720 (togeth
er with ac~-
Cessory crys-
tal, Ve figo
4)
' Power of drive 3 hp 0.5 hp 4+ hp :
motor
Detection 3 BF3 chambers 1 |detector 1 BFy counter
inch” (in diameter) |inch (in dia-
x 30 em (in 1ength);lmeter) x 12
diameter of central|inches (in !
electrode, 1/8 inchjlength) with
pressure of inter~ |enriched
ior gas, 2 atm BF3
Calibration of de- Not indicated with 2 x 2 x4 | with crystal
vice cubie inch NaCl | as in preced-
crystal (v. fig.| ing case
4); erystal fix-
ed on ro
table, calibrat-
ign with uge of
no O_f 105 .
Rotor speed Variable around 3,000 == 5,000 3,600 rpm
3,000 rpm rm
Quality factor Approximately the 0,8 062 = 044




3. REPRESENTATION OF EXISTING DISK SELECTORS

The designing of disk selectors with holes phase shifted in space was
undertaken simultaneously with the study of low-energy ("cold") neutrons.

In these selectors the disks are arranged on the same axis, being rotated
simultaneously by the same rotor; this eliminates the necessity of synchron-
ization, Such a design is no longer possible in the case of neutrons of
higher energy, inasmuch as the distances between the disks would be much
greater and it would be necessary to drive them with several motors, this
presupposing synchronization of the speeds. In practice, all these strue-
tural difficulties have the result that disk monoehromators are designed
only for low energies, The disk design (with the holes in the disks de-
scribing a helix which coincides with the path of the neutrons) is preferred
because of the simplifiecation of the technologlieal process and the selector
design as compared with the case of the helical selector properly so called.
There is basgically no difference between the two cases, provided the number
of disks is large enough for definition of the helical channel with good
precision, :

The first device of this type which we shall discuss is the mechan-
ical selector for slow neutrons designed by B. Jacrot and G. Gobert [6],

[7] and used for the energy range of 102 to 10"4 ev, The effective cross-
sections of materials in the low-energy range (subthermal and cold neutrons)
will be measured with the aid of this selector.

In essence the roter is made up of two rotors (disks) one meter in
diameter spaced at intervals of one meter., There are openings in these
disks shifted through an angle ¢ (fig. 7), the device being of the "shift-
ed opening disk" type. The whole unit is mounted in an evacuated space so
as to avoid friction with air. To make possible a comparison with the de-
;iees already described, we give the characteristics of this selector be-

ow:

weight of each disgk 135 kg
diameter of disk 1m
distance between disks im
speed of rotation 6,000 rpm

At this speed the length of one neutron pulse is 50 1 g (more exactly, the
pulse half-width), the half-width in energy being 0.2 A if we assume that
the neu’@;;% beam is collimated and perfectly parallel. There are eight

15 x 50 openings in each disk.

To afford an idea of the complexity of the installation, we repro-
duce from [8] a general view of this selector (fig. 8); the two disks may
be seen on the left in the photograph.

The actuation, stabilization, and synchronization system of the whole
unit consists of a complete series of gears eight electric motors and
generators consuming a total power of several kilowatis.

The paper gives a large number of structural details which can be of
positive value to persons designing selectors of these types, On the other
hand, no information whatever is given on the-edleculation and physical per-
formance of this gelector.



The selector designed by P. Hubert, R. Joly, and C, Signarbieux is
made up of four disks mounted on the same shaft, the distamce between the end
disks equalling 100 cm, the diameter of the disks 60 em, and the mexfimum
fgﬁe% of ro;;ation 3,000 rpm, because of material strength considerations

fig. 9)e

The selector is designed to eliminate neutrons which undergo Bragg
reflections of an order higher than one, and operates in conjunction with
a crystal spectrometer, For this reason, the luminescence of the selector
must be as great as possible. In the present instance it is 43%.

Fige 7+ Basic diagram of mechanical selector designed by Jacrot
and Gobert: 1 =- neutron beam; 2 -~ optical aperture; 3 —-
cadmium ring; 4 -- mechanical phase shifter; 5 -= electric
motor.

The upper limit of utilization in energy of the selector is 0,03 ev
(at 2,800 rpm)s In each disk there are 66 openings 2°22' in width, the in-
terval between openings being 5°27%, It has been assumed that the neutron
beam has a divergence of 1/250 radian (straight collimator 250 cm in length
and 1 cm in width), Each disk consists of two plates of duralumin 2 mm
thick between which an 0,7 mn thickness of cadmium is inserted, the whole
being cemented with araldite,

The selector designed by H, M. Skarsgard and C, J. Kenward [9] is
shown in figure 10, This selector also consists of four disks, equally
spaced, the interval between two successive openings being 0,106 radian
(69%*)., The speed of rotation is continuously variable from 600 to 5,650
rmm, this corresponding to an energy range of 0.,00059 to 0,051 eve A l3-hp
motor was used, The transmission of the selector for a well collimated beam
is 38%. Tests have shown that the high order neutron intensity is reduced
103 times; the selector is used together with a crystal spectrometer (re-
flection on plane 200 of a KCl crystal). Up to energies of 0.05 ev the
high order intensities are less than 0,05% of the first order intensities.

According to the authors cited above, the relationship of the speed
of rotation to the neutron energy for which the transmigsion is the maximum
is given by the formmla



| N (vot/min) =2,5.10* VZ’(eV) (3)

|

Fig. 8, General view of selector designed by Jacrot and Goberi.

Fige. 9. Selector designed by Hubert, Joly, and Signarbieux.



Fige 10. Selector designed by Skarsgard and Kem-:ai*d.

The detailed section of one of the disks is shown in figure 1l. The
disks are made up of plates of aluminum between which sheets of cadmiwm
0,030 inch thick are inserted, The shaft is 66 inches (1.675 meter) in
length, the distance between disks being 25 inches (about 56 cm).

a1or 58 fante ¢gat
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Fige 1l. Detailed sketch of portion of disk (after [9]). [0.03
inch grosime de Cd = 0,03 inch thickness of cadmium; fanta in
discul urmator = opening in following disk; 38 fante egal dis=
tantate = 38 equally spaced openings.]

Another recently reported design is that of A. P. Senchenkev and F,
M, Kuznetsov [10], who have designed a selector with disks with phase shifted

10



openings, consisting of 19 central (symmetrical) disks and two asymmetrical
end disks (fig. 12).

As in the case of the Jacrot and Gobert selector, the rotor is placed
in a vacuum. The length of the rotor is 53 cm, the diameler 27 ecm, and its
weight 55 kg, The speed may reach as high as 12,000 rpm, the selector being
designed for operation in the energy range under 0.5 ev.

There are 297 openings over the circumference of the rotor, each
opening being 0.8 mm wide and 13 mm thick, Their normal forms an angle of
1.,6° with the generatrix of the cylinder on which the curves described by
the openings are inscribed., The speed is variable, the usual operating
range being included between 2,500 and 9,500 rpm.

Neutron detection is effected with the aid of a ccunter filled with
boron trifluoride (BF3) under a pressure of 600 mm Hg, and ha the di-
mensions of 250 mm in length and 35 mm in diameter. (The dimensions of the
counter are highly important in transit time technigue, inasmuch as it is
principally counter length which determines the systematic errord

N ] =iy

”

:L‘

Fige 12, Cross section of monochromator designed by Senchenkov
and Kuznetsov: 1 == aluminum window; 2 = rotor bearings;
3 =~ speed regulator; 4 — digks; 5 ~ end disks; 6 - motor
shaf't; 7 ~ tachometer; 8 — vacuum installation cock; 9 =
bedplate; 10 - bedplate rotating mechanism; 11 - transmiss-
ion; 12 =~ bearings; 13 -- oil pump; 14 — detector housing;
15 == collimator support; 16 -~ electromotor; 17 —- rotor
transmission; 18 -~ evacuated enclosure.

|

The authors establish for this particular case a series of formulas
which determine the performance of the selector; specifically:
X (a) The velocity of the selected neutrons v is given by the relat-
on
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in which Vot is the linear velocity of the center of an opening, which may
be approximated by the linear velocity of the circumference of the rotor;
ao the angle betwegn the normal of an opening and the generatrix of the
eylinder (a2 = 1,6"); and ag the angle be’bween the normal of the opening and
the direction of the neutroh beam @3 £ 59).

(b) The resolving power of the selector is given by the formula

-z V(‘?ZZI) + el s ) e

in which E is the energy for which the resolving power is calculated; AE
the half-width of the selected energ band; d?é 1 the widths of the
rotor and ¢ollimator openings; }]1" ge depths of the rotor and
collimator openings; hpoy the effective hegght of the rotor opening (which
is actually exposed to the neutron beam); and Rpot the radius of the rotor.

(¢) The number of neutrons at the selector output is determined by
these authors by the approximating formula

\ N s heot deot  Biyot drot” (I) \ .
‘ e Swlfol drot"*‘Drof (E) AE’ g (6)

in which ®(E) is the neutron flux in the energy interval equalling unity
and Ppot is.the distance between the rotor openings.

4e CALCUIATION OF RESOLVING POWER OF HELICAL SELECTOR

According to Dash and Sommers [4], the theoretic approximation which
- corresponds the best to the real situation is that which assumes the follow-
ing hypotheses to be satisfied:

-= the chamnels are helical;

-= the openings are of finite width;

-~ the neutron beam is divergent.

If the angle of divergence of the beam equals a, Dash and Sommers
define a "quality factor" of the deviece equalling

¥ zf—-—-———-—A’kjE" y (7)
x

:.n which 0 = ' "““ , DX -~70 o, where k is found from the relation Wy Pl

mmR

..........

aﬁd *K 1s 'bhe avera.ge wamlengbh- @ the aperture angle of the openings; m
the mass of the neutrony ¢y the angular velocity of the rotor; Ry the radius
of the rotor; and K Planck's constant,

12



These authors assert that it is very difficult to calculate the re-
solving power, if not practically impossible; it is for this reason that
they have introduced the "quality factor.™ In what follows we shall en-
deavor to make an approximated calculation of the resolving power of the
helical gelector,

We shall refer to the selector in which the channels are straight and
parallel to the generatrix of the cylinder, the entire device being set at
an angle to the direction of the neutron beam (fig. 6a) and equivalent to
the one in which the channels are at an angle to the generatrix, the latter
being parallel to the direction of the neutron beam (fige. 6b).

We are to imagine an opening of the selector (fig, 6a); the first
point encountered by the beam is point A; the fastest neutrons quickly
travel through the chanmel, following a path (in a mobile system, and thus
relative to the opening) nearly parallel to the wall 1; they leave through
point A', However, the beam also contains slow neutrons. The slowest
neutrons, which enter through point A, leave through B'; that is, they follow
the path AB', taking the greatest time (of all the neutrons entering the
channel) to travel through the channel,

Throughout the period dwring which the opening is "open," that is,
the neutrons enter the chamnel through the points situated between points
A and B, the channel will be traversed only by the neutrons which are not
fast :ﬁough to reach and strike wall 1l and are not slow enough to be hit
by wa 2.

The neutrons traversing the chamnel will follow intermediate paths
bétween walls 1 and 3, that is, any line which connects a point on the seg-
ment AB with a point-on the segment A'B! may (potentially) be the path of a
neutron traversing the chamnel, since this path fulfills the passage con=-
dition, which requires that the "points" of the path in the mobile system
(that is, converging straight lines) coincide successively and uniformly in
time with t&e direction of the beam in the fixed system (the direction de-
signated (o™ in fig, éa),

To see which are the fagtest neutrons, the ones which continue to
traverse the channel, we post ourselves at point B; the fastest neutrons,
;rhich enter through this point, will reach wall 1 only at point A, follow=

ng path 4.

Then, knowing that the time in which the neutrons traverse the dis-
tance L (equal to the length of the rotor) equals the time in which the
rotor is rotated through angle 9, we can write:

-= for the fastest neutrons , L
~= for the slowest neutrons
(path 2) == t,AL =2 = 1y,
that is,
'vrv = ‘I;("’) .
_ L+ ADa
KRy Yy - (8)

13



We thereby obtain the resolving power in terms of selector speed:

| - L+ AL
: PO () ) 5 -
Mo _we=wm_ g SHAD g (1 A8y AL As AL
| Bo= v. b =d e =L 3 L]T s . L (9)
| Lo ;

In terms of energy we may write

-
{
o Av
Py =222,

since E—'z*m"’s InB=2Inv, yhence —Af=2——-

Proceeding now to the case of figure 6b, we note that we can write

P a.-z-fA—‘?,'
e

inasmuch as AL =0.
Writing (5°Ag o A9, since angle A% is small, from

i i S cos &
; g L

we find (see fig, 6b) coRY

, S cost &
.P” -'-—'—-—'—5-——-’

in which 8 is the width of the channel opening,
It is seen that this expression, which is a function only of €%
admits a maximum for a given by the expression

(?_{) __‘S,Zé}sina-cbsa—;cos’ﬁ
& meonst

a9 Py =0,

which gives us |9 =0,9=90° (the minimm; from the physical standpoint
it is obvious that if the ‘channel is perpendicn.lar to the direction of the
beam, no neutron will pass through the channel) and the equation

$=—otgs,

which, solved in approximation (graphically), gives us 440 <Bopy < 4T

i ]'4'



We shall take %Fupum~ 45", this being the angle for which the resolv-
ing power is the maximum,

Since the resolving power is directly proportional to the width of
the opening S, it is to be seen that the resolution is the betlter, the
smaller is the width of the opening, as was to be expected, In this case,
however, there ig a great drop in transparency and a compromise must be
reached between the two requirements:

-= good regolution and

-= good transparency,
which are contradictory.

5. TRANSPARENCY

One sometimes speaks of the "luminescence" of a selector, but since
luminescence is a physical and physiological quantity, we shall operate with
the quantity designated "transparency! or "transmission,”

The transparency or transmission coefficient of any selector, inde-
pendently of whether a "low-pass," "high-pass," or "band-pass®" filter is
involved, is understood to mean a number (having no physical dimensions)
which represents the ratio of the number of neutrons passing through a fil-
ter to the number of incident neutrons.

- Under constant conditions this ratio does not depend on time; in what
follows we shall use either the term transparency or the term transmission,
the two being equivalent.

Iet us consider a dévice (such as are the neutron selectors) through
which the neutrons pass only a fraction £ of the time; it is said that the
device is "open" during this time,

If the ineident neutrons have an energy speetrum included between
Eq and E,, and the neutrons which "pass through" have a spectrum ineluded
between and Epgy, We can then define the fraction (in terms of energy),
fys of the number of neutrons which traverse the device.

___The number of incident neutrons, defined in terms of energy

:Lsé SE"’.V(E)_ dE, (in casé I, By~ 00,"see Fig: e number of
) .

Em
neutrons which traverse the device is SE “k(B) n(B) AE. e transpa-
min |

rency or transmission of the device may then be written

SE'_'““ KE) n(E) dE. (10)

Emin

T =f,tg =1, b
S * n(E)dE
= E" !

In (10) k(E) represents the ratio of segment AB to AC (fig. 13), in-
asmuch as in theory all neutrons of energies between and rass
through, while:in redlity only very few pass through, those in the cross-
hatched area (fig. 13); k(E) is usually found by experiment, and is < 1.

15



Its appéerance is due to the "end effects," that is, to the fact that the
openings open gradually in time, and not abruptly, by jumps (only in this
case would we have k(E) = 1),

1, S

\ E Epn® Epex € |E Emin Emex '£2<£f, )

Fige. 13. Distribution of neutronsg according to energy, before select-
ion (a) and after (b), in the ideal case in which the spectrum
extends to infinity (I) or to a maximum energy Eo (II).

It is obvious that the relationship between the two integrals repre-

gents the relationship between the two areas (shaded and cross~hatched) in
igure 13.

It is to be seen that if the entire spectrum is transmitted, fp -1,
and if transmission were to take place eonstantly, fy - 1; in this case
all the neutrons pass and T —-» 1, that is, the general conditions for
transparency are fulfilled: T« 1 and, at the limit, when fy —p 1 and
f't "‘") 1, T "‘"; 1.

The fraction of time during which the device is open is calculated
as followse.

Let there be a rotary device having g openings disposed radially
(fig. l4a) or peripherally over the frontal surface of the device which the
neutrons strike (such as in the case of the device in fig. 14b).

Such a rotary device opens a times per complete rotation,

The fraction of time (within one second) during which the neutrons
rass may be calculated immediately,

We have & pulses in a complete rotation, If the rotor executes n
revolutions per minute, that is,go- revolutions per séeond, % pulses pass
in one second. A pulse lasts through the time during which a length § on

the surface passes through the plane of fixed point A, that is, Af=——
seccnds. a

In one second pulses pass through, that is, we have a fraction of
a gecond during which the gelector is open,

% an an - S (fractions of a second)
-1 sec 60 60 R



or |

Fig. 14, bumya:{.m -_— ‘._b{“ o . w=wctor as neutron
beam choppers: (a) chopper opening eight times per complete ro-
tation; (b) helical selector with eight openings per revolution.
The former functions as & "low-pass" filter, and the labtier as
a "band-pass filter."

This fraction corresponds to the time function fy. It may also be
found directly, from the consideration that for a point A the circumference
presents within one second an "gpen" poriion, aS, relative to the total
length of the eircumference, 2 ®R, That is to say, the probability that

the neutrons will enter the selector is —§§-—, which corresponds to the time
funetion £, . RTR

Thettransmission is thus a probability of the "and-and" type which
is expressed by the product of the two probabilities fi and fg.
We may write

S K (E) n(EydE
as E,

. T _ . min . (1].)
2rR SEa

4
{

n(E)dE
By

When S =~ 0, T == 0, that is, the condition that the rotor become
opaque to neutrons when the entrance openings become infinitely small, is
also fulfilled,

Dash and Sommers [4] calculate a coefficient’. T which they designate
"{ransmission fraction" and which corresponds to the function £, fourd above.
It is obvious that the transparency T, defined at point 4, describes the se-
lector qualitieg more completely.

17



6, THE TRANSMISSION FUNCTION CALCUIATED BY DASH AND SOMMERS [4]
The calculation hypoﬁhesés are the félloﬁing: helical channels,
opening of finite width, ard parallel neutron:beams,
Cage I. The spectrometer is made up of a identical helical channels,
with a spacing of%:, whih rotate at angular velocity a¢» » Each openimg has

an angular aperture® ; the fraction of the incident beam which enters an
opening (charnel) will then be

: aR® __ a®(__ aS . y
o= = (-— e ! ‘the expression found previously )

From { M= ..’_'.., s in which A is the associated wavelength, h Planck's constant,
y:)
9, L
and p the impulse of the incident neutron, and bearing in mind that, t=f‘:;°* ey
we f£ind :

i

P 5 "R
D= lem gy,
i mm»L

The path of the neutrons of wavelength Xg is parallel to the edge of the
channel (fig. 15, path designatedd ).

5\_\ = _—_
]
o ' \‘\\Q\ Ao
\§/\1 i
a ™~ Az )
\A

3,

Fig. 15, Path of neutrons relative %o opening in & system of coor-
dinates rigidly connected to the opening,

The neutrons of any wavelength A = X, + %3 @ traverse the opening while
following paths @7 ', ete (fige 9)e For the remtrons which traverse
the chamnel without colliding with the edges of the latter, the channel appesrs
as a relatively diminished aperture R® — R|3®| in magnitude, The trans-
mission will be

(}) =~Q(R¢2—n£lmn‘= a(G’;IS@I) .
Bl 7
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Consequently

! P

k- 2%
so that

(M) ="°(1 ’f}“%)(gﬂ'fx’ in which it is seen that /= o f”'-:l_f‘{b)'

e R

Roting that |4 ® =A) we find

AW =n(t =220, gor 2 - nl <A,
\ ¢ |
(3 =0, 1A =2 > A

for

The "trangparency® from the preceding point and the "transmission®
from this point are one and the same thing, but we have retained the term
transmigsion because it was the one employed by these authors in the original
article.
Gage II. This time it is assumed that the spectrometer is exposed to
a beam of neutrons of an angular aperture of 2ug ¢ It then follows that the
relative aperture of the opening diminishes owing to the divergence of the
beam, specifically, by L& ; in this case [4] the transmission will be

3

a I).*'.%+k—'§-a : . '
ke i ohataa T ’ "'_‘7‘0"+k¢.—f; < A,
TmN=9 'l*-‘f M +ka-£|>,.m. '

- for - R|TC

The transmission of the spectrometer as a function only of X is

found by averaging over « :
o ¢
7 (X o) de

(W)=

ta .
S dee -
ot =0

Dash and Sommers have found by experiment that this case (divergent
neutron beam with 24y ) approximates the best real situation.
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Designating €, =%ﬂ = f;-i;"-) in which @y and Ry are the data of
0 7t 0

the problem (that is, a certain divergence Gg of the beam and a certain rad-

ius Ry of the rolor), and choosing as a parameter the quantity 4

___the helical selector.
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Fig. 16, Transmission function caleculated by Dash and Scmmers:
[* W] g 00w constm 7(2F; T=2— A

! . F e = $ puncte
; experimenltale
\ G 05 T 2 MA)

Fige 17, Form of tramsmission function T(A) of helical selector.
The calculation was made for ie/8i=%0 and F = 0,6, with a 320 °K
thermal neutron source, [Intensitatea relativa a flwxului de
neutronl = Relative intemsity of neutron flux; Puncte experimen-
tale = Experimental points.]

The transmission function of the spectrometer may be measured experi=

mentally by means of the device shown in figure 4.
The values found by experiment agree fairly well with the caleulated
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values (see fig. 17).
7. PLARNING
It is of interest for planning purposes to calculate :the!relationship

of transparency to resolving power; for its calculation we shall employ the
expressions

| P =48 °°::‘9 , 9=45°= const.

The transmission in time for a given energy is the product of the

length of & pulse ( ) and the mmber of pulses per second , that is,

it equals ,ﬁ‘% . We have seen that the transmission in energy is always
27

less than one and cannot be calculated exactly. For this reason we shall

consider it for a given energy to be equal to & constant ¢ < 1; the quot-

ient with which we are concerned will then be

. aS

T 2 ;

p s cos? & 2r cos*«‘)
5 )

Inasmuch as the transparency must be the maximum the inverse of
the resolving power must also be the maximum, this ratio p must be the
maximum,

As was to be expected, this ratio does not depend on the width of
the opening S, so that we are always obliged to choose a compromise solut~
ion, good transparency entailing poor resolution and vice versa., The ratio
depends only on the variable’f.

The maximum condition for the ratio in question is written

l G_OS'S‘ +2,& sin$ ..-—-_\0;

This condition coincides with the maximum condition for the resolving
power; we have found the solution 44° <&w< < 47°. We shall thus adopt



for symmetry in planning, the angle being measured on the evolute of the
cylinder,

Progress of the caleulation. The following are generally given:

— the speed of the neutrons, ¥ (or their emergy, E),

-~ the length of the rotor, L,

- the depth of the opening, equalling the transverse dimension of
the incident beam, 2H,

-- the number of openings (channels), a.

We have seen that the magnitude of the angle is found from the maxi-
mum condition of the resolving power, which gives

; ‘S‘opf, o~ 45°,

To determine the width of the opening, S, we shall plot both 'bhel
transparency I and the resolution (the inverse of the resolving power) ’P
in the same diagram. The expression for the transparency T is

i ] Emin ;

\ g s Sxm"(E’"(E”E__k .

Y 5 ' BNt
S n(E) dE :

Ey

if we retain only the dependence on S.
The resolution is written

With T and % plotted against 8 (fig. 18), it was seen that the two functions

are equal for a certain value of opening width S, When S increases the
transparency is better, but the resolution decreases. The opposite situat-
ion prevails when S decreases.

Knowing certain initial data, we have thus determined the energy band
which may be extracted from the spectrum. For this purpose we have deter-
mined & value which we consider the optimum for the width of the opening and
the angle of inclination of the chamnel, employing a maximm condition (for
©7} and a compromise condition (for §).

i tiFinally, the angular velocity ® was determined from the operating
condition

i t =-——-—==i

| voe!

itgelf,
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A1l the essential qnantifies were thus determined. It is obvious
that the calculations may also be baséd on other quantities, but there is
no fundamental differemce between the two pogsible methods of calculation.
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After the caleculations have been carried out, we must ascertain

whether the thickness of the material presented by the fas neutrsg select~
10=°,

or is sufficient to give us an opacity of the order of 10™* to The
condition

Fig., 18, Transparency T and resolution 3 versus width of opening S.

X = 10-4210-6, |
A R

in which ¥ is the total effective section and x the thickness of the mater-
ial, must be fulfilled for this purpose. The condition gives us

I >12,9, for the case of 10"6,

If we have several materials arranged successively (steel ribs —-
cadmium-plated openings), the condition is written

i % ____:e..;,wl,e.;z,w,. . 0S4 < 10—6,
[}

this giving us : o , -

2@y o Sy + ...+ Zum, 2> 12,9,
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If the condition is not fulfilled, we must:

~= gither adopt a material of greater thickness (thicker ribs),

- or adopt a material with a greater effective eross section,

If these solutions are not possible, the selector must be redesigned,
that is, the gecmetric dimensions must be reconsidered.

CONGCLUSIONS

1. The helical selector is characterized by good transmission (to
around 80%); in this case, however, the regolution is poor.

The selector is used in conjunction with a crystal spectrometer
(fig, 4) to achieve good resolution,

2. In theory, such a selector can have a resolving power as good as
is desired; in practice, however, the decrease in transmission accompanying
increase in resolving power causes a limitation which is the more rapid, the
weaker is the source.

Hence the problem of obtaining good resolving power is linked to the
problem of obtaining sources as intense as possible. Generally speaking,
good resolution can be obtained when one operates with small transmission,

3+ It is to be seen from the foregoing that the range of employment
of this type of selector is the thermal range, Theoretically, the sélector
functions in any range, but we are limited to the thermal range because:

~-- the gpeed of rotation cannot be as high:as desired (in praetice
the speed does not exceed 15,000 to 20,000 rpm);

-~ the opacity of the selector decreases exponentially when the speed
of the neutrons increases;

-= if we wish to employ the device consisting of a selector plus a
erystal spectrometer, we cannot exceed the limit of around 10 ev, beyond
which the resolution of the eyystals decreases very rapidly,.

These factors hold us to the range of thermal neutrons.

4e We may add that this type of selector is stable in operation and
that it presents the advantage of being relatively easy to plan and design.

5. In the introduction to this article it was stated that the heli-
cal selector did not evolve directly through the disk selector; this is sup-
prorted by the fact that such selectors were not designed until 1957-1958.

It is probable that their creation involved great technical difficulties,
this greatly delaying the appearance and development ef selectors of this type.

The last two types of selectors, [9] and [10], represent the most
highly developed types of disk seleetors; their designing forme part of the
general effort to determine with greater precision the effective cross-sect-
ions of the'energy rahge-ef epithermal, thermal, and cold neutrons. Effort
being aimed today especially at determination of the effective cross-gect-
ions of the elements for cold neutrons, such determination will probably
clarify some of the problems of interaction between neutrons and muclei, and
will possibly create some Light in the problem of muclear forces, which has
been subjected to so much discussion.
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